This paper investigates whether fiscal fatigue is a robust characteristic of the fiscal reaction function in a panel of OECD countries or merely an artifact of ignoring important aspects of the panel dimension of the data. More specifically, we test whether the quadratic and cubic debt-to-GDP terms remain significant once heterogeneous slopes are allowed for.
Introduction
The European sovereign debt crisis, rising age-related public expenditures and the fear of a secular stagnation of output growth have put renewed emphasis on questions about the sustainability of fiscal policy. Bohn (1995 Bohn ( , 1998 shows that a positive reaction of the primary balance to lagged debt is a su cient condition for the government to satisfy its intertemporal budget constraint and hence fiscal policy to be sustainable. He suggests to estimate a fiscal reaction function (FRF) to determine whether increases in the public debt-to-GDP ratio elicit increases in the primary balance. The most simple FRF is a linear one. However, in an attempt to stabilize the debt-to-GDP ratio at a reasonable level, fiscal policy may respond more when debt is high and/or rising while being less responsive at lower debt levels. Ghosh et al. (2013) argue that the primary balance cannot always increases with debt because, at su ciently high debt levels, this would require primary balances that exceed GDP. Using a panel of 23 advanced countries over the period 1970-2007, they find strong support for a non-linear FRF that exhibits this alleged 'fiscal fatigue' characteristic.
In this paper, we investigate whether fiscal fatigue is a robust characteristic of the FRF in a panel of 21 advanced economies over the period or is merely an artifact of ignoring heterogeneity.
Because debt-to-GDP ratios often show only small variation over time within countries, most of the current literature estimating FRFs relies on panel datasets. Adding a cross-sectional dimension and using a homogeneous panel specification ensures that there is su cient information in debt-to-GDP ratios to identify non-linearities in the FRF. However, the identified fiscal fatigue may very well be induced by slope heterogeneity. If some countries react less to debt than others, these countries will over time end up with a higher debt level. When estimating a homogeneous FRF, high debt will coincide with a weak reaction in the primary balance not because of fiscal fatigue but due to unmodeled heterogeneity.
Empirical specification
Our starting point is the static homogeneous non-linear panel FRF proposed by Ghosh et al. (2013) 
where pb it denotes the primary balance in country i at time t, d i,t 1 the lagged public debt-to-GDP ratio and gap it the output gap. Following the literature (see e.g. Mendoza and Ostry, 2008; Ghosh et al., 2013) , the vector of control variables Z it includes inflation (infl it ), the implicit interest rate on public debt (iir it ), the current account balance as a percentage of GDP (curac it ), trade openness (open it ), the ratio of elderly (old it ), the future ratio of elderly (F old it ) and three dummy variables that capture whether a country is part of the Euro area in a specific year (D euro it ), elections where held in a certain year (D elec it ) and whether a country adopted some type of fiscal program (D fisc it ). The fiscal fatigue proposition of a positive but eventually slowing response of the primary balance to rising debt should show up as a 3 < 0 (cubic specification) or 2 < 0 and 3 = 0 (quadratic specification). Using a panel of 23 advanced economies over the period 1970 -2007 , Ghosh et al. (2013 find 1 < 0, 2 > 0 and 3 < 0. Their results imply that the marginal response of the primary balance is at its maximum for a debt-to-GDP ratio of around 90-100%, starts to decline beyond that level and becomes negative when debt exceeds 150% of GDP. However, this downward sloping segment of the FRF is identified mainly from the behavior of Japan, and to a lesser extent Belgium and Italy, as over the period 1970-2007 only these countries have episodes where the debt-to-GDP ratio is well above 100%. Hence, it is not obvious that fiscal fatigue is a general characteristic present in all countries.
To investigate the robustness of the fiscal fatigue proposition, we extend the baseline specification of the panel FRF in equation (1) to
The introduction of the heterogeneous coe cient 1i makes it possible to discriminate between the fiscal fatigue premise that the response of the primary balance eventually decreases at high debt levels ( 3 < 0 or 2 < 0, 3 = 0) in all countries and the hypothesis that the response to debt is heterogeneous ( 1i is di↵erent) across countries. Adequately discriminating between these two propositions requires su ciently rich data, i.e. the panel should contain enough countries with considerable variation in their debt-to-GDP ratio over time. The recent sovereign debt crisis entails interesting new information in this respect as there was a widespread increase in debt levels, with additional countries moving into the area where fiscal fatigue may set in or at least witnessed an increase from relatively low to higher levels of debt. This was especially the case for Ireland, Greece and Portugal and to a lesser extent for
France, Spain, the UK and the US. We will further test whether there is a heterogeneous non-linear reaction to lagged debt by also allowing 2i or 3i to di↵er across countries.
Our extended specification nests two further generalizations. First, the highly politicized nature of government budgeting makes it hard to react immediately to changes in debt and other economic conditions. Ghosh et al. (2013) , however, consider a static FRF, dealing with the resulting strong autocorrelation in the error terms using a Generalized Least Squares (GLS) correction. In fact, the underlying assumption of an autoregressive pattern in the error terms implies that the persistence in the primary balance is assumed to stem from autocorrelation in exogenous shocks. To allow for sluggishness in the response of fiscal policy, we add the lagged primary balance pb i,t 1 to the explanatory variables. 1 Second, global trends and common shocks can cause cross-sectional dependence and are potentially also a source of persistence. We account for this by adding time fixed e↵ects t .
Estimation results
Our dataset is an update of Mauro et al. (2015) and comprises unbalanced data for 21 advanced countries over the period 1970-2014. Exact definitions and data sources can be found in Table A-1 in the Supplementary Appendix. Estimation results are reported in Table 1 .
In line with Ghosh et al. (2013) , the baseline specification in column (1) implies fiscal fatigue. The marginal response of the primary balance to lagged debt starts to decline at a debt level of around 100% of GDP and becomes negative when the debt-to-GDP ratio exceeds 170%.
Estimates for the dynamic specification are reported in column (2). The coe cient on the lagged Notes: pbit is the primary balance as % of GDP. The GLS estimator corrects for an AR(1) structure and cross-sectional heteroskedasticity in the error terms. When GLS is not used, we report White robust standard errors for the homogeneous coe cients. For the heterogeneous coe cients we report (in bold) mean group estimates with standard errors calculated non-parametrically from the distribution of the individual coe cients. Statistical significance at the 10%, 5% and 1% level is indicated using ⇤ , ⇤⇤ and ⇤⇤⇤ respectively.
The output gap is instrumented by its first and second lag and a weighted average of foreign countries' output gaps. The current account and implied interest rate are instrumented by their first and second lags.
The AR(1) test is the Cumby and Huizinga (1992) test for first-order serial correlation in the error terms. This test is robust to heteroskedasticity. It is calculated from regressions results before applying the GLS correction. The pairwise correlation coe cient is the average of the country-by-country cross-correlation in the estimated error terms. The Wald heterogeneity test is for the null hypothesis that the heterogeneous slopes are actually homogeneous across countries.
primary balance is 0.731 and highly significant, showing considerable persistence in the formation of the government budget. Note that the test for autocorrelation in the error terms reported in the bottom of Table 1 shows that even in the dynamic specification there is significant autocorrelation left.
Moreover, the average pairwise correlation coe cient shows that there is cross-sectional correlation in the error terms of specifications (1) and (2). To allow and correct for common shocks, column (3) adds time fixed e↵ects to the model. This reduces the cross-sectional correlation in the error terms to a negligibly small number. It also removes the autocorrelation in the error terms, suggesting that this was induced by persistence in shocks common to all countries.
In column (4), we further extend the specification by allowing the coe cient on lagged debt d i,t 1 to vary across countries. Although the Mean Group (MG) estimate for the reaction of the primary balance to lagged debt of 0.006 is not significant, the Wald test shows that the cross-country heterogeneity is highly significant. Moreover, it also renders the homogeneous coe cients on the non-linear debt terms d 2 i,t 1 and d 3 i,t 1 insignificant. This suggests that the response to debt is heterogeneous over countries and that the finding of fiscal fatigue is caused by imposing homogeneity. In column (5), we further allow for heterogeneous coe cients on the quadratic and cubic debt terms. Despite significant heterogeneity, as indicated by the Wald test, non of the MG estimates is significant. The heterogeneous coe cients reported in Table A Table A -2 show that countries with the biggest positive response to lagged debt are Greece, Ireland, Italy, Norway, Portugal and Sweden. Japan is the only country with a significantly negative response.
Conclusion
This paper has investigated whether fiscal fatigue is a robust characteristic of the fiscal reaction function in a panel of advanced economies over the period 1970-2014 or an artifact of ignoring coe cient heterogeneity. We find that the quadratic and cubic debt-to-GDP terms that induce fiscal fatigue become insignificant once a heterogeneous reaction to lagged debt is allowed for. When modeling a fully heterogeneous non-linear reaction to lagged debt, fiscal fatigue only shows up in 3 out of the 21 considered countries. This implies that fiscal fatigue is not a general characteristic, but may still be relevant in some countries. To gain further insight in the sustainability of fiscal policy, future research should look into the determinants of the heterogeneous response to debt. Also the role played by other type of non-linearities like fiscal plans and consolidation periods is worth investigating. Notes: Specifications (4), (5) and (6) refer to the respective columns in Table 1 in the main paper. The Wald test is for the joint significance of the three debt terms. White robust standard errors are reported in parentheses. Statistical significance at the 10%, 5% and 1% level is indicated using ⇤ , ⇤⇤ and ⇤⇤⇤ respectively. See Table 1 for further notes.
Supplementary Appendix
The heterogeneous coe cients reported for specification 5 imply that only Denmark, Portugal and Japan show significant fiscal fatigue. For Denmark and Portugal this is due to 3 being significantly smaller than zero. The coe cient estimates imply that the marginal response of the primary balance to lagged debt becomes negative at debt levels of around 70% and 100% of GDP, respectively, in these countries. Japan is a special case as we obtain 2 < 0 and 3 > 0 sch that the primary balance will ultimately show an increasingly positive response as debt becomes su ciently high. However, the coe cient estimates imply that this response only becomes positive when the debt-to-GDP ratio exceeds 260%. Hence, over the historically relevant range of debt-to-GDP ratios up to 250%, Japan shows very strong fiscal fatigue. Note that also in Austria, Canada and the UK we obtain significant 2 < 0 and 3 > 0, but the specific coe cient values do not imply any relevant fiscal fatigue in these countries.
